Background: Canine visceral leishmaniasis is a chronic and severe disease of great interest to global public health. In Brazil, the main species causing visceral leishmaniasis is Leishmania chagasi [syn. Leishmania infantum], which is transmitted by sandflies of the species Lutzomyia longipalpis and Lu. cruzi. This study aimed to determine the risk factors and prevalence of visceral leishmaniasis in dogs residing in endemic areas of the municipality of Várzea Grande, Mato Grosso.
INTRODUCTION
Visceral leishmaniasis (VL) is a neglected disease of great importance to global public health. In Brazil, the principal species that causes VL is Leishmania chagasi [syn. Leishmania infantum], and Lutzomyia longipalpis and Lu. cruzi are the vectors [17] .
Many mammalian species are naturally infected by L. chagasi, but dogs are the most important reservoir of this parasite in urban areas due to their proximity to human beings [16, 24] . Dogs represent the major source of infection for the vector because dogs can have intense skin parasitism independent of their clinical presentation [7] . Several factors, including the presence of dogs in the home, higher rates of dog seropositivity in nearby areas, lower socioeconomic status and highly vegetated areas [4] , are associated with human infections.
In Brazil, the techniques recommended by the Ministry of Health for the assessment of sera are the Dual Path Platform (DPP) and the enzymelinked immunosorbent assay (ELISA) [12] . This aspect is important for the elimination of false-positive dogs and the maintenance of non-serum-reactive infected dogs in endemic areas, which facilitates the diagnosis, control and prevention of visceral leishmaniasis.
The continual identification of human and canine cases since 1998 [18] and the occurrence of phlebotominae (Lu. longipalpis) in the city of Várzea Grande, mainly in Jardim Eldorado, São Matheus and Parque Sabiá [21] neighbourhoods, motivated us to investigate the factors associated with L. chagasi infections in dogs by serology.
MATERIALS AND METHODS

Study area and canine sampling
Transversal study was conducted in the neighbourhoods of Jardim Eldorado, Parque Sabiá and São Mateus in the municipality of Várzea Grande [S 15º57'55"; W 54º58'06"; ( Figure 1) ; and altitude 367 m]. This area is located in the Brazilian Cerrado region. The climate is humid, tropical and has an average annual temperature of 17ºC to 32ºC. The estimated population in 2013 was 262,880 inhabitants [13] .
This study was conducted on the canine population, and the sampling was defined by the Epi Info 3.3.2 program (Center for Disease Control and Prevention [CDC], Atlanta, GA, USA) considering a CVL prevalence of 8.4% [21] with 95% confidence intervals and an acceptable error of 2%. The populational proportion was one dog for every seven human inhabitants (1:7) [1, 22] . The minimum sample size needed was estimated at 498 animals, including dogs of both sexes and aged 6 months or more. The survey was conducted through home visits considering one residence out of every five.
Epidemiological questionnaire, clinical exam and sample collection
To establish epidemiological aspects, the questionnaire probed the following: local demographics (distance of the domicile from forests, unused land, rivers, or dams; presence of others animals: chicken, pigs, equines, cats, or dogs); characteristics of the animals (sex, age, and breed); whether the animals had access to the street; and the presence of dogs or people with leishmaniasis in the neighbourhood. Whole blood (5 mL) was collected by jugular venipuncture. After centrifugation, the serum samples were put into microtubes and stored at -20°C until the serological test could be performed.
Diagnostic Methods
The enzyme-linked immunosorbent assay (ELISA) was performed using a commercial kit produced by Bio-Manguinhos ® (FIOCRUZ, Rio de Janeiro, Brazil) in accordance with the manufacturer's recommendations.
Statistical Analysis
The prevalence values were calculated with 95% confidence intervals, and a Chi-squared test (χ 2 ) or Fisher's exact test was used to test the associations between independent variables and the seroprevalence of anti-Leishmania antibodies in dogs using the EpiInfo 3.3.2 program (CDC, Atlanta, USA). The variables with a P ≤ 0.20 in the univariate analysis were selected for the multivariate analysis. The χ 2 goodness-of-fit test was performed using the Hosmer and Lemeshow statistic, and P ≤ 0.05 was considered significant. 
RESULTS
A total of 521 dogs were examined: 160 were from Jardim Eldorado, 129 were from Parque Sabiá, and 232 were from the São Matheus neighbourhood. Of these animals, 120 were positive by ELISA, yielding a prevalence of 23.0%.
Of the seropositive dogs, 40 (17.2%) did not present any clinical signs, and 80 (27.8%) were symptomatic. The symptomatic dogs had a 1.8 (1.2 -2.9)-fold greater chance of their infection being detected than the asymptomatic ones. The most common clinical signs were dermopathies, such as ulcers on the tips of the ears, thinning of the hair, hyperkeratosis and peeling, followed by splenomegaly, lymphadenopathy, onychogryphosis, progressive weight loss and ophthalmopathy.
According to the data, there was no significant difference (P > 0.05) regarding sex, age, breed, time with the family, presence of ectoparasites, presence of persons with cutaneous wounds in the residence or the company of other animals.
The determining risk factor for canine infection was fur length. Dogs with short fur had a 2.2 (0.9 -5.1)-fold greater chance of infection than dogs with long fur. However, the existence of unused land or forests near dwellings was not a risk factor for leishmaniasis in the dogs of the studied locality (Table 1) .
DISCUSSION
The seroprevalence of the disease was 23.0%, which is similar to the results obtained in the municipality of Cuiabá [2] , which adjoins Várzea Grande at the endemic suburbs. However, 3.4% prevalence was found in Cuiabá in areas with low awareness of the canine disease [15] . Other localities, such as Juiz de Fora, Minas Gerais, presented with 3.8% prevalence [5] . The rural area of Minas Gerais had a prevalence of 19.9% [10] . Araguaína, Tocantins presented with a prevalence of 51.35% [20] . This difference may be associated with the endemicity of the area [19] and the technique used. The study area continues to present new cases, despite the recommended control measures, such as canine sacrifice [6] .
In CVL epidemiology, asymptomatic dogs are very important because they maintain and carry the parasite [15] . These dogs are also found in greater numbers in endemic areas [2, 11] , as observed in this study, even though the infections were detected more easily in the dogs that presented with clinical signs.
No significant difference was found regarding sex, age or breed [8] . Thus, regardless of any of the characteristics cited, the animals were subject to infection by the parasite provided that the vector existed. Neither the origin nor the travel habits of the dogs presented any significant differences in this study, although this result had previously been demonstrated [14] .
Fur length was a predictive factor for the incidence of leishmaniasis, similar to a previous report [3, 9] . Thus, animals with a short coat have a greater risk than dogs with long hair because their skin is more exposed to phlebotomines during bloodmeals. The presence of livestock (swine or birds) in the domicile was not a risk factor for the disease, even though these animals have been considered a food source for the vector. In addition, these animal species sometimes accumulate large quantities of organic matter, which creates an ideal substrate for insect reproduction [3] .
Although these neighbourhoods are adjacent to areas surrounding the savannah that may favour the vector's life cycle [23] , the presence of forests and unused land near the dwellings was not a risk factor. This observation suggests a possible adaptation of the vector to anthropic environments [2] .
CONCLUSIONS
Despite prevention and control measures imposed in this endemic area, there was still a high prevalence of dogs with L. chagasi infections in this study, and the main associated factor for canine infection was short fur length. Declaration of interest. The authors declare that there is no conflict of interest. The authors alone are responsible for the content and writing of the paper.
